Homeless people have high rates of hospitalization and emergency department (ED) use. Obtaining adequate food is a common concern among homeless people and may influence health care utilization. OBJECTIVE: We tested the hypothesis that food insufficiency is related to higher rates of hospitalization and ED use in a national sample of homeless adults. DESIGN: We analyzed data from the 2003 Health Care for the Homeless (HCH) User Survey. PARTICIPANTS: Participants were 966 adults surveyed at 79 HCH clinic sites throughout the US. The study sample was representative of over 436,000 HCH clinic users nationally. MEASURES: We determined the prevalence and characteristics of food insufficiency among respondents. Using multivariable logistic regression, we examined the association between food insufficiency and four past-year acute health services utilization outcomes: (1) hospitalization for any reason, (2) psychiatric hospitalization, (3) any ED use, and (4) high ED use (≥4 visits). RESULTS: Overall, 25% of respondents reported food insufficiency. Among them, 68% went a whole day without eating in the past month. Chronically homeless (p = 0.01) and traumatically victimized (p = 0.001) respondents were more likely to be food insufficient. In multivariable analyses, food insufficiency was associated with significantly greater odds of hospitalization for any reason (AOR 1.59, 95% CI 1.07, 2.36), psychiatric hospitalization (AOR 3.12, 95% CI 1.73, 5.62), and high ED utilization (AOR 2.83, 95% CI 1.32, 6.08). CONCLUSIONS: One-fourth of homeless adults in this national survey were food insufficient, and this was associated with increased odds of acute health services utilization. Addressing the adverse health services utilization patterns of homeless adults will require attention to the social circumstances that may contribute to this issue.
INTRODUCTION
Homeless people have high rates of hospitalization and emergency department (ED) use, far exceeding the utilization rates in the US general population. [1] [2] [3] Understanding the factors related to this has important policy implications.
Competing demands for food are common among homeless individuals and may influence health care utilization patterns. [4] [5] [6] Homeless people who do not get enough food to eat may postpone or forego needed medical care until later stages of illness, [6] [7] [8] [9] choose to buy food over medications, [10] [11] [12] or have difficulty managing health conditions and adhering to treatment plans. [13] [14] [15] In some cases, homeless people may use health services in order to get food. 16 However, the relationship between lack of food and health care utilization among homeless adults has not been examined at a national level. Recent evidence has documented mounting deficits in emergency food supplies in many US cities, 17 making the threat of food shortages a more pressing reality among poor Americans. The experience of lacking food exists on a spectrum and has been variously labeled food insecurity, food insufficiency, and hunger. Food insecurity exists whenever the availability of nutritionally adequate and safe foods or the ability to acquire acceptable foods in socially acceptable ways is limited or uncertain. 18 This definition encompasses both quantity and quality domains. Food insufficiency relates exclusively to inadequate quantity of food intake and therefore represents a more severe phenomenon than food insecurity. 19, 20 Hunger refers to discomfort, illness, weakness, or pain caused by prolonged, involuntary lack of food, 21 and can be viewed as a physical consequence of food insufficiency.
Our specific aims were to describe the prevalence and characteristics of food insufficiency among homeless adults, and to determine the relationship between food insufficiency and utilization of acute health services among homeless adults. We hypothesized that food insufficiency would be associated with higher rates of hospitalization for any reason, psychiatric hospitalization, and emergency department use.
METHODS

Data Source
We performed a secondary analysis of the 2003 Health Care for the Homeless (HCH) User Survey, the first nationally representative survey of people using clinical services provided by the federally funded HCH program. The HCH program serves homeless individuals through grantees in all states, the District of Columbia, and Puerto Rico. 22 The HCH User 
Participants and Setting
A three-stage sampling design was used to conduct the survey. 23 Of 131 HCH grantees that had been in operation for at least 1 year, 30 were sampled using a geographically stratified probability proportional to size (PPS) technique. Interviews were conducted in-person by RTI field staff at a PPS sample of 79 clinic sites operated by the 30 grantees. The target population was people receiving face-to-face services from an HCH provider. Individuals were eligible if they had received such services at least once in the year prior to the visit in which the survey was administered, since the reference period for many of the questions was 12 months. Participants were selected consecutively with a goal of 33 interviews per grantee. Respondents provided informed consent, and the study was approved by the RTI International institutional review board. Of 1,444 selected individuals, 1,017 completed the interview, yielding a response rate of 70%. We confined our analysis to the 966 respondents who were aged 18 or older. Analysis weights were applied to obtain estimates that were representative of the target population of 436,171 adult HCH clinic users nationally.
Main Predictor
Participants were asked the food sufficiency item presented in the Text Box. This question is very similar to that developed by the US Department of Agriculture and adapted for use in the Third National Health and Nutrition Examination Survey (NHANES). 19, 24 Consistent with convention, we defined food insufficiency as "sometimes" or "often" not getting enough to eat. 20, [24] [25] [26] [27] 31, 32 ), gender, self-reported race/ethnicity (categorized as white non-Hispanic, black non-Hispanic, Hispanic, and other), geographic region (Northeast, South, Midwest, or West), educational attainment (high school diploma or higher vs. less than high school completion), veteran status, employment (any past-year work for pay), and insurance status (insured vs. uninsured).
Homeless-specific characteristics included chronic homelessness, defined as being homeless for at least 1 year or having had four episodes of homelessness in one's lifetime. This definition is similar to that used by the US Department of Housing and Urban Development. 33 We also considered pastyear physical or sexual assault while homeless, since victimized individuals appear to use health services at higher rates. 3, 34 Substance abuse variables included illicit drug use or problem alcohol use in the preceding year. Past-year drug use was defined as any past-year use of illicit or nonprescribed controlled substances, or any past-year drug treatment. Past-year problem alcohol use was defined as consuming ≥5 drinks on a single occasion in the past month, 35 consuming ≥3 drinks on a typical day of drinking in the past month, 36 or any past-year alcohol treatment.
Comorbid psychiatric illness was defined as having had "any serious personal or emotional problems" in the past year, using a question adapted from the mental health domain of the 1995 National Health Interview Survey Year 2000 Objectives Supplement. 37 To assess medical comorbidity, we used a summary measure (0, 1, ≥2) of the following medical conditions, chosen based on clinical importance: hypertension, diabetes, cardiovascular disease (coronary artery disease or stroke), obstructive lung disease (asthma or chronic obstructive pulmonary disease), HIV infection, cancer, liver disease, kidney disease, and arthritis or chronic joint pain. General health status was dichotomized as fair/poor vs. excellent/very good/good. Given the potential relationship between food deprivation and overweight, [38] [39] [40] [41] [42] we used self-reported height and weight to calculate body mass index (BMI). Overweight was defined as having a BMI of 25-29.9 kg/m 2 , and obesity was defined as having a BMI≥30 kg/m 2 . 43 We validated these measures by comparing the frequency distributions of overweight and obesity to those found in the HCH Visit Survey, a separate chart abstraction study conducted in an independent sample of HCH visits. 23 
Main Outcome Measures
Our study outcomes were four self-reported measures of pastyear acute health services use: (1) hospitalization for any reason, (2) psychiatric hospitalization, (3) any emergency department (ED) use, and (4) high ED use (≥4 visits). The survey questions used to define these outcomes are presented in the Text Box. The definition for high ED use was derived from a prior survey of homeless and marginally housed individuals in which the 8% of respondents who used the ED four or more times in 1 year accounted for 55% of ED visits among those surveyed. 3 
Statistical Analysis
Chi-square tests were used to determine the unadjusted relationships between categorical variables. We then constructed four multivariable logistic regression models to determine the adjusted relationship between food insufficiency and each health services use outcome, controlling for potential confounders. Candidate covariates were chosen based on prior hypotheses and literature review. In order to obtain stable estimates of effect and avoid model overfitting, 44, 45 only covariates associated with the respective outcomes at a univariate significance level of p<0.20 were included in the final multivariable models.
In the principal analyses, participants with missing data for a model variable were excluded from any analysis involving the variable. Item non-response was negligible for the utilization outcomes (≤0.3%) and minimal for model covariates (≤2.4%). Thirty-one adults (3.6%) had missing or indeterminate responses for the food insufficiency item; we assessed the impact of this in two ways. First, we re-ran all models using a food insufficiency missing indicator variable. Next, we performed sensitivity analyses in which all respondents with missing data for food insufficiency were first assumed to be food insufficient and then subsequently assumed to be food sufficient. In all cases, the final multivariable results were unchanged.
Due to the complex sampling design of the survey, all analyses were performed using SAS-Callable SUDAAN, Release 10.0 (Research Triangle Park, NC), in conjunction with SAS 9.2 (Cary, NC). We used weights developed by RTI that incorporated: (1) sampling probability to account for the survey design, (2) adjustment for non-response to reduce bias in the study estimates, and (3) post-stratification adjustment to better reflect the target population of HCH clinic users nationally based on HRSA Uniform Data System estimates. Results were considered significant at p<0.05.
RESULTS
Respondent Characteristics
Fifty-eight percent of respondents were male, and 20% were 50 years of age or older (Table 1) . One in five reported being physically or sexually assaulted in the past year, and 35% of respondents were chronically homeless. The distribution of overweight (28%) and obesity (30%) was very similar to that documented in the HCH Visit Survey (29% obese, 31% overweight). 23 
Food insufficiency
Prevalence. Twenty-five percent of respondents reported sometimes or often not getting enough food to eat (Fig. 1) . The prevalence of food insufficiency was 32% among chronically homeless adults and 48% among respondents who had been physically or sexually assaulted in the past year.
Internal Validation. Food insufficient respondents were significantly more likely than food sufficient respondents to go a whole day without eating (68% vs. 34%, p<0.001) and to go hungry for at least 1 day in the past month (74% vs. 32%, p<0.001) (Fig. 2a) . Food insufficient respondents reported consuming significantly fewer meals than food sufficient respondents; over 40% consumed one or less per day (Fig. 2b) .
Characteristics. Food insufficient respondents were less likely than food sufficient respondents to be black and to have attained a high school diploma (Table 1) . Chronic homelessness and pastyear victimization were significantly more common among food insufficient respondents.
Health Services Use
Any Hospitalization. Overall, 35% of respondents reported being hospitalized in the past year. In unadjusted analyses, food insufficient respondents had higher rates of hospitalization than food sufficient respondents (46% vs. 30%, p=0.02) ( Table 2 ). After adjusting for insurance status, medical comorbidity, and other potential confounders in the multivariable model, this association remained significant [adjusted odds ratio (AOR) 1.59, 95% CI 1.07, 2.36].
Psychiatric Hospitalization. Thirteen percent of respondents reported being hospitalized for mental or emotional problems in the past year. Food insufficient respondents had a nearly three-fold higher unadjusted rate of past-year psychiatric hospitalization than food sufficient respondents (25% vs. 9%, p=0.003) ( Table 2 ). This association remained significant in the multivariable analysis adjusted for substance abuse, emotional disturbance, victimization history, and other potential confounders (AOR 3.12, 95% CI 1.73, 5.62).
Any ED Use. Overall, 62% of respondents reported using the ED at least once in the past year. Food insufficient respondents had non-significantly higher unadjusted rates and adjusted odds of making any ED visit in the past year (69% vs. 60%, p=0.32; AOR 1.20, 95% CI 0.61, 2.37) ( Table 2) . 
DISCUSSION
One-fourth of homeless adults in this study reported not getting enough food to eat. The prevalence of food insufficiency was six times higher than that seen in the US general population, and more than double that seen among impoverished Americans. 20 It is very similar to the prevalence among homeless individuals in the 1996 National Survey of Homeless Assistance Providers and Clients. 46 Food insufficiency was associated with several markers of vulnerability. Chronic homelessness, a history of physical or sexual assault, and low educational attainment were all more common among food insufficient respondents in comparison to those who reported getting enough to eat. This finding is concordant with prior work demonstrating a high burden of food insecurity among chronically homeless individuals, further disputing the notion that the accumulated "street wisdom" of entrenched homelessness might endow a protective effect against lacking food because of increased knowledge about how to acquire it. 4 Instead, the clustering of food, shelter, and safety concerns documented in this study suggests that difficulty in meeting one basic subsistence need predicts difficulties with others.
Food insufficient respondents used acute health services at considerably higher rates than food sufficient individuals. This complements and extends prior evidence demonstrating increased hospital and ED use among food insecure lowincome Americans. 9 The hospitalization and ED utilization rates among food insufficient adults in our study sample were about five times higher than those seen among adults in the US general population. 47 In multivariable analyses adjusted for important confounders, food insufficiency was associated with significantly greater odds of hospitalization for any reason, psychiatric hospitalization, and high emergency department utilization. Although prior evidence has shown higher rates of some chronic diseases among food-deprived individuals, [48] [49] [50] the associations between food insufficiency and health services utilization were independent of medical comorbidity. To our knowledge, this is the first national study to document the association between food insufficiency and acute health services utilization among homeless adults. Our findings add to a growing literature supporting the hypothesis that food insufficiency may represent an important nonmedical determinant of acute health services use. Several mechanisms are suggested by this body of evidence; the priority of basic subsistence needs over health-related issues forms the foundation of each.
Food insufficient homeless people may postpone treatment at earlier stages of illness until the need is acute, 6 ,51 resulting in crisis-oriented service utilization patterns. 7 Indeed, food insufficiency and insecurity have been linked to going without needed health care among both homeless and low-income housed individuals, 8, 9 suggesting that the pattern of acute utilization seen in this study may have its roots in poor access to other health care services. Food insufficiency may also require that patients make choices between buying food and medications. Food insecurity has been associated with spacing out the frequency of medication use and putting off the purchase of medications in favor of buying food. 11 In studies of ED patients, those confronted with these trade-offs between food and medication believed that their choices caused illness, resulting in increased ED use and hospitalization. 10, 12 Food insufficiency may adversely impact disease self-management and treatment adherence, leading to poorer overall disease control. 15 Indeed, homeless diabetics in Toronto reported that inadequate dietary choices were a principal barrier to disease management. 14 Among low-income diabetic participants in NHANES, food insecurity was associated with a 40% greater risk of inadequate disease control. 49 In a sample of diabetic patients at an urban county hospital, one-third of those with hypoglycemic episodes attributed their episodes to being unable to afford food; of these, one-fourth required ED treatment or hospitalization. 52 Among homeless HIV-positive individuals, food insecurity has been associated with lower rates of anti-retroviral treatment adherence and viral load suppression. 13 Finally, a portion of acute health services utilization by food insufficient homeless adults might be attributable to an effort to get food through these services. Among homeless ED users in San Francisco, one in eight reported that hunger was the main reason for their visit. 16 
Limitations
Our study has important limitations. All measures were selfreported and may be subject to bias. The single item measure of food insufficiency may provide a less comprehensive picture of food resources among homeless people than the multi-item US Food Security Survey Module, 53 which was not assessed in the HCH User Survey. When deployed simultaneously in other populations, the food insufficiency item and the food security module have shown substantial overlap in identifying limited food access, 54, 55 and both are correlated with household food supplies. 29 Although tested in low-income settings, the food insufficiency item has not been formally validated in the setting of homelessness. We addressed this limitation by internally validating this item against other self-reported measures of food intake and hunger; we found that it correlated well with these measures. Notably, over 30% of food sufficient respondents reported going hungry or going a whole day without eating in the past month. This suggests that homeless people may have a different threshold than those in the general population in defining "enough to eat." To the extent that such respondents are characterized as food sufficient, our findings likely represent a conservative estimate of food insufficiency and its effect on health services utilization among homeless adults. The study sample consisted of adults who had used HCH clinic services at least twice in the past year, so the findings may not be generalizable to the homeless population as a number of medical comorbidities, and overweight/obesity §Adjusted for age, chronic homelessness, past-year victimization, past-year serious emotional problems, past-year substance abuse, and number of medical comorbidities ║Adjusted for race, region, insurance status, past-year victimization, past-year serious emotional problems, and number of medical comorbidities ¶Adjusted for gender, race, insurance status, past-year victimization, past-year serious emotional problems, past-year substance abuse, fair/poor health status, and number of medical comorbidities #Comparison group is respondents with 0-3 ED visits whole. Lastly, causality cannot be determined due to the cross-sectional nature of the data. The relationship between food insufficiency and health services utilization was statistically independent of many potential confounding factors; however, reverse causation or unmeasured confounders such as social support and community-level resources may provide alternative explanations. Although we have highlighted several mechanisms by which lacking food may impact health services use, future studies should attempt to clarify these mechanisms and determine whether expanded provision of food services positively impacts patterns of health care utilization in addition to the expected benefits in overall well-being.
CONCLUSION
Lacking food was common and closely correlated with other markers of vulnerability in this national sample of homeless adults. Food insufficient respondents had higher odds of acute health services utilization despite the fact that all respondents had accessed ambulatory care in the prior year. The growing deficit in emergency food supplies makes this finding particularly concerning. Addressing the adverse health services utilization patterns of homeless adults will require attention to the social determinants of this issue. Efforts to provide primary care for homeless persons should be matched by public health and policy initiatives to provide for basic subsistence needs among the very poor.
